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ABSTRACT 
In this work adjustments in the rotogravure printing process are proposed to the varnish water vapor 
transmission rate (WVTR) aiming to obtain results smaller than 20g/m²/24h. One case study was used 
for the propositions for improvements, where focused on varnish application process in a gravure 
printer for an eight-printing unit cartonboard packaging, maximum printing speed of 175 m/min and 
a 285 g/m² weight cartonboard. The possible variables that influenced the WVTR result were selected 
from the technical expertise of the people involved in the project, the analysis in the printing process 
with the application of directed trials using experimental designs (DOE). After realizing forty four 
trials in a printing machine, were identifying and defined thirteen process adjustment parameters to 
the best analysis. The project was developed for a cartonboard packaging with a varnish water vapor 
transmission rate (WVTR) with capacity to pack 500g of a product. The obtained results allowed 
the proposition for improvements in the studied printing process, used by the print shop to reduce 
significantly the WVTR used. The records of the results are an average of 25.98g/m²/24h, before the 
study, and after implementation of improvements there was a reduction to 18.16g/m²/24h in the average 
of the results, 1.84 g/m²/24h below the target. The WVTR standard deviation was from 8.95 g/m²/24h to 
2.22 g/m²/24h, thus presented better process stability. There are large number of solvents and resins, 
which can be applied in rotogravure machines, and each has its specificities. Based on all the expertise 
acquired from the study, it is possible to propose a line of work to find precise adjustments in the 
varnish application. Therefore this study addresses an important approach to the future of sustainable 
packaging, which contains little information in technical literature
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1 INTRODUCTION
Industries in the perishable products sector, 
such as food, beverages, and pharmaceuticals, are 
increasingly searching for packaging with barrier 
characteristics, which increase the useful life and 
sustainability of their products, both for production 
and disposal. This sustainability request demands 
advances in technology from packaging producers, 
but also greater investments in research into reliable 
products and processes.
The water vapor transmission rate (WVTR) is a 
barrier for packaging with a standard unit of mea-
surement of g/m²/24 h. Packaging made with carton-
board with applications of polymeric resin through 
gravure printing can generate results of barriers 
like a co-extruded copolymer film packaging as PE. 
Both may have low WVTRs but cartonboard with 
the application of a barrier varnish would make a 
biodegradable product, that is, with more than 90% 
decomposition of the original dry mass, according 
to Brazilian standard ABNT NBR 15448 [1], which 
is based on European Union standard EN 13432: 
2000. Therefore, the decomposition and recycling 
characteristics of the cartonboard make the barrier 
resin printing process an interesting alternative in 
the search for sustainable materials.
Stability in the application of varnish in the 
gravure printing process is essential for the com-
mercialization of a barrier packaging to make the 
WVTR viable. Thus, it is important to determine 
which variables in that application must be con-
trolled to achieve statistical reliability standards.
The printing systems used for the production of 
packaging vary according to the needs of the image 
to be printed, the surface and the printing. Large 
runs tend to use robust and durable processes, such 
as gravure printing [2]. 
Gravure has several control variables and the 
understanding of which printing variables influ-
ence the stability of the varnish printing process 
easily reaches 37 factors. Thus, a study using the 
technique of changing only one variable at a time 
until finding those that are relevant to the process 
makes the project unfeasible, since 237 generates 
137 billion possible combinations, studying only two 
levels for each factor. The use of factorial design of 
experiments (DOE) to study the variables involved 
in the process is a very assertive methodology [3]. In 
a gravure, the lower and upper levels are considered 
the minimum and maximum limits of the process 
and the optimization occurs through the analysis 
of the effects of the variables. It is then possible to 
reconfigure the process in the ideal conditions of 
the desired barrier, improving the stability of the 
process in the expected statistical confidence.
1.1 Purpose of study
This study aims to improve the application of 
WVTR barrier varnish in gravure printing through 
a case study of a packaging company using carton-
board packaging. 
2 LITERATURE REVIEW
2.1 Varnish type used in gravure printing
Varnishes for gravure are basically composed of 
resins and solvents. Additives can also be included that 
are incorporated into the formulation according to needs, 
or when another characteristic is needed - for example, 
waxes can be added to the composition to provide greater 
slip, thus avoiding scratches on the print.
The properties of resins are hardness, flexibility, 
abrasion resistance, alkali resistance and adhesion. 
Special resins promote special characteristics to 
varnishes, such as a water vapor barrier, an oxygen 
barrier or ultraviolet protection and other radiation. 
The type of resin also depends on the curing condi-
tions of the system, and modifications promoted by 
mixtures of solvents, or additives, will not signifi-
cantly change the drying and curing performance 
previously established by the set of resins [4].
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Solvents are liquid substances with different 
physical and chemical characteristics. The choice of 
the ideal solvent for gravure printing must:
• Completely dissolve the resin;
• Completely evaporate and at a speed compat-
ible with the process, so that the varnish film 
dries after printing;
• Be compatible with the printed substrate.
In the gravure process, the evaporation must 
not occur so rapidly that the resin does not dry in 
the cells of the cylinder, nor very slowly, so that the 
printed varnish does not transfer after the substrate 
has contact with other printing units.
Volatility is the most important factor; there-
fore, the observation of the evaporation rate during 
the initial drying stage is as relevant as knowing 
the evaporation rates in the intermediate and final 
stages, as the solvent contributes significantly to the 
moistening of the substrates [4].
The evaporation of solvents is influenced by 
the ambient temperature and the substrate that 
exchanges heat with the wet film. Basically, the 
evaporation rate increases with increasing tem-
perature and the evaporation process takes place 
through the heat exchange of solvents with the envi-
ronment [4].
2.2 Varnish barrier technology
Materials with barrier designations have the 
ability to restrict the passage of gases, vapours and 
organic liquids, beyond their limits. Plastic films, 
sheets, coatings, laminates, fabrics, metal sheets 
and many other types of materials are built to obtain 
an economical and efficient barrier layer [5].
Polymers are predominantly used as a barrier in 
the packaging industry due to their superior proper-
ties and low cost [5].
Permeability occurs through any polymeric 
material and depends on two factors: the solubility 
of a gas or vapor and the rate of diffusion through 
the barrier. The solubility function depends 
on the chemical relationship between the per-
meating molecule and the polymer. The dif-
fusion rate varies with the size of the permeate 
molecule and the amorphous configuration of the 
barrier polymer [5]. The permeability coefficient 
measures the relative permeation behaviour and 
is used to compare the permeability of different 
polymers. The gases and vapours most frequently 
studied are water vapor (WVTR) and oxygen 
(oxygen transmission rate, OTR).
Water vapor permeability (WVTR) is measured 
by the weight of the permeant product and it must 
maintain specified conditions of relative humidity 
and temperature. The vapor permeation rate also 
has different results depending on the thickness of 
the polymer, with the result inversely proportional 
to the thickness [5].
The WVTR is determined by the formula:
2.2.1 Polymers with barrier characteristics
Polymers can be categorised as crystal-
line or amorphous. A crystallised polymer is any 
polymer organised in a regular order or pattern. 
An amorphous polymer is a polymer with chains 
that are not arranged in ordered crystals. However, 
crystallised polymers are not entirely crystalline, 
but have two components: the crystallised portion 
and the amorphous portion. The amorphous portion 
of a crystallised polymer can represent 40% to 70% 
of the polymer, with greater crystallisation gener-
ally leading to better barrier properties [5].
Comparative data and trends between families 
of polymers can be measured and classified as high 
or low barrier. Figure 1 compares various polymers 
with the results of the barrier to the WVTR and 
OTR. The OTR is an important parameter for the 
protection of products that lose flavour, texture or 
colour in contact with oxygen [5].
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There are several tools for measuring the WVTR, 
such as the gravimetric techniques used to verify the 
variation in the mass moisture content. There are also 
very sophisticated instruments that, in some projects, 
can measure extremely low transmission rates.
Special care must be taken to control the moisture 
content of porous substances. There are several indus-
try-specific methods and ways of measuring moisture 
content, which are described in industry standards as 
ASTM F 1249 90 - Standard test methods for water 
vapor transmission rate through plastic film and 
sheeting using a modulated infrared sensor [6].
3 METHODOLOGY
3.1 Design of experiments
 The techniques for the DOE methodology are 
important to reduce costs and obtain more assertive 
results, with all of them using multivariate mathemati-
cal analysis to reduce the number of experiments in a 
process optimisation, thereby allowing for the calcula-
tion and evaluation of the experimental error in order 
to establish a level of confidence in the result obtained.
Figure 2 outlines the integration between the three 
attributes necessary for the methodology to be used effi-
ciently. It is necessary to have knowledge of the process 
under study in order to collect all information on the 
variables involved, either through scientific articles 
or knowledge industryal. The appropriate strategy, 
that is, the statistical methodology for assembling the 
matrix, will then depend on the number of variables 
involved. Good judgment is required in the analysis of 
the process, in the choice of the appropriate matrix and 
in the interpretation of the data obtained to define the 
conditions that lead to the desired objective function. It 
is important to note that the direct use of software that 
facilitates study, without prior knowledge of the funda-
mentals of the methodology, can constitute a great risk 
and lead the user to dangerous misinterpretations.
Perhaps the most important information that 
can be obtained through factor planning is the sta-
tistical analysis of the effects, that is, the knowledge 
regarding the system’s responses to the variations 
or disturbances of the studied operational variables. 
This assessment provides fundamental subsidies 
regarding flexibility and robustness and, conse-
quently, a definition of the best strategy for opera-
tional control, with the aims of achieving the objec-
tive and minimising the costs.
To achieve these objectives, the appropriate 
factorial designs for a large number of variables 
are fractional or Plackett & Burman (PB). For case 
studies with a number of variables greater than 
eight, PB matrices are the appropriate solution for 
the study of a large number of factors, so that the 
number of tests to be performed is possible without 
a reduction in the quality of the statistical interpre-
tation of the results [3]. A Plackett-Burman design 
Figure 2 – Attributes for DOE construction [3].
Figure 1 – Comparison of WVTR and OTR 
between different polymers [5].
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was chosen to identify process factors influencing 
the measured WVTR of the product. Interactions 
among independent variables were not explored.
4 CASE STUDY
4.1 Survey of WVTR history
Due to the higroscopic product that use the 
packaging to be studied, this requires in its sample 
plan an average WVTR less than or equal to 20 g/
m²/24 h, using the WVTR measurement protocol 
with 30°C temperature control and 80% relative 
humidity following the ASTM D895-94 standards 
[7]. However, it is a methodology that requires 
improvement in the protocol so that the result of 
this determination is reliable at a predetermined 
statistical level.
The machine used for the study is a gravure 
printer with eight units and die cutting in line. The 
packaging as shown in Figure 3 uses as a support 
the cartonboard of a company defined for the study 
with a weight of 285 g/m². The polymeric resins 
with WVTR barrier used for the printing process 
uses only one type of solvent and are applied in 
four printing units (printing units 1, 2, 3 and 8), the 
other printing units are used in CMKY inks.
Figure 3 – Product packaging for WVTR analysis 
with dimensions in millimeter.
The preliminary results to show as is pro-
duction before process improvement and without 
DOE studies, were collect 36 samples samples 
in different batches of cartonboard with the 
polymer resin varnish with a high barrier to 
WVTR in which the values found were between 
10.43 and 42.53 g/m²/24 h (Table 1), it is possible 
to observe that the barrier varnish in the gravure 
process has high potential despite the numerous 
factors for this type process has the potential to 
meet the barrier target (20% of samples met the 
target) but is currently incapable of consistently 
meeting it due to its above target mean and large 
standard deviation. In the histogram in Figure 4, 
it is possible to observe that the instability of the 
process causes great variability.
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The results of the WVTR in a packaging can 
affect the useful life of a product, thus increasing the 
cost of production and/or reducing the useful life of 
the product being protected. Therefore, studying the 
behaviour of variables in the application of gravure 
varnish is essential to maintaining the conditions of 
each variable in such a way that the desired condi-
tions of product performance are achieved.
4.2 General assessment of parallel and 
pre-process steps
To ensure the quality and consistency of the 
results, care was taken to assess all factors that are 
not directly the parameters of the production line 
machine, but that may indirectly affect the result of 
the permeability of the packaging, such as tempera-
tures in the varnish tanks and standardisation of the 
cartonboard reel batch.
The varnish used for the process improvement 
tests kept the batch productive and the tempera-
ture variation was also evaluated, since the gravure 
Table 1 – Summary of WVTR in different batches.
Figure 4 – Results of WVTR in different batches.
process works by heating the cartonboard to elimi-
nate the solvent. This process can generate high tem-
perature variation and, consequently, variation in the 
apparent viscosity. Care during the process is very 
important so that the factors to be studied do not inter-
fere with the variation of raw material during the tests.
During the evaluation of the parallel steps, 
the varnish filling in the small varnish tank was 
checked and refilled as necessary every 30 minutes 
in the amount of ~25 L in a small varnish tank with a 
maximum capacity of 100 L. This procedure occurs 
manually and depends on the operator’s attention to 
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avoid application failure due to a lack of varnish in 
the small varnish tank. The varnish used for filling 
is at room temperature in an open area outside the 
printer’s lounge. When refilling, the varnish tem-
perature variation in the small varnish tank is 
observed between 20.7 and 30.3 °C throughout the 
day, according to the follow up shown in Figure 5.
An improvement was made in the tempera-
ture control to reduce the maximum and minimum 
varnish variations, this improvement consists of per-
forming an automatic varnish filling, in which the 
operator’s interference is reduced only to checking 
and changing the tank that comes directly from the 
manufacturer once a day. The flow happens with 
the tank sending the varnish to a small varnish tank 
through piping connected by a pneumatic pump. 
This pump is driven by an ultrasonic level sensor. In 
addition, an adaptation was made in the small tank 
to receive a coil that cools the varnish and reduces 
solvent evaporation. This installed coil is connected 
to industrial chiller piping. 
After installing the new fill system, a much 
lower variation of the varnish temperature in the 
small varnish tank was observed between 24.6 
and 27.5 °C over 6 days, according to the moni-
toring shown in Figure 6. This action promotes 
much higher stability in the system, since the tem-
perature variation favours the variation in viscos-
ity and consequently the thickness of the varnish 
film on the cartonboard.
Figure 5 – Temperature variation in the varnish tank on a gravure machine before improvements.
Figure 6 – Temperature variation in the varnish tank on a gravure machine after improvements.
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Table 2 - Level table with the definition of the variables, established lower and upper level and their 
and corresponding real values.
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4.3 Parameter measurements
Printing process conditions can affect the 
WVTR result. This case study was based on the 
process knowledge, statistics and good judgment 
technique, through a multidisciplinary work group. 
Several meetings were held with the responsible 
team and the independent variables (X), operational 
levels to be studied for each variable and actions to 
be taken prior to the DOE tests were defined. The 
variables are described in Table 2, as well as the 
minimum or lower (-1) and maximum or higher (1) 
level for the analysis of each variable based on the 
operational criteria of the production line.
Table 2 summarizes 37 process variables asso-
ciated with producing the test cartonboard shown in 
Figure 3 on the eight printing unit identified for the 
experiment and the polymeric resins with WVTR 
barrier. A Plackett-Burman designed experiment 
was conducted to statistically assess the signifi-
cance of each variable on WVTR.
For the analysis of this number of variables, the 
PB screening design matrix of 44 tests was defined. 
The number of tests must respect the minimum of 
four tests more than the number of variables to be 
studied in the process; as this design requires mul-
tiples of four, 44 tests are needed (Table 3) [3].
The conditions of each test were carried out 
in the combinations of the PB matrix at the lower 
and upper levels defined by the responsible team as 
possible and usual operating conditions during the 
production of the packaging.
The Table 4 shows the WVTR results for the 44 tests 
defined by the PB design matrix. These tests carried out 
after varnish temperature control improvement.
4.4 Analysis of measurement results
After studying the effects of the 37 independent 
variables (X) in the 44 tests, it is possible to observe 
that some of the WVTR values exceed the desired 
value of 20 g/m²/24 h by a factor of two. (Table 4). 
By statistically evaluating the significance of the 
effects of each variable on the value of the WVTR, 
it is possible to define the conditions that lead to 
minimising the desired value of this response.
The calculated numerical value of the effect 
means how much it impacts the value of each 
response. If the value of the effect is positive, it 
means that when going from the lower condition 
(-1) studied to the upper condition (+1), there was/ 
an increase in the response, and if the effect is 
negative, it means a decrease in the response. This 
effect value has the same dimensional unit as the 
source response. 
As the number of variables is very large, the 
effects of each of them were evaluated at the 95% 
significance level (α = 0.05), that is, those that cause 
the greatest impact on the response, those of 90% 
(α = 0.10), and also those of 80% (α = 0.20). It is 
better to be more cautious than believing that those 
of lesser relevance do not impact the response. 
Below α = 0.20, they are reducing not really vari-
ables that affect the WVTR within the studied and 
operating ranges of the production line.
Thus, the p-value calculated in Table 5 indi-
cates the statistical probability of the effect value 
and is compared with the established α.
The WVTR is affected by seven statistically 
significant variables at a 95% confidence level 
(p < 0.05), three variables at a 90% level (p < 0.10) 
and three other variables with less significance up 
to 79% (p <0.21) of confidence. Independent vari-
ables with a p-value of ~0.20 or less were selected 
for a confirmatory trial. The others were not statis-
tically significant, indicating that at first, they can 
be fixed in any condition within the studied ranges 
because they are not the ones that impact the value 
of the obtained WVTR. Table 5 summarizes trial 
conditions for all 37 variables.
The most statistically significant variable that 
impacts the WVTR among the studied conditions of these 
37 variables is X24 – the dry amount of primer applied. 
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Table 3 – Matrix of PB-44 tests for the 37 variables studied [3].
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 The change from 2 g/m² (lower level -1) to 3 (upper level 
+1) primers decreases on average 9.46 units in the value 
of the WVTR with the p value of 0.0001.
After statistical evaluation of the effects of the 
variables aiming at minimising the WVTR in a 
meeting with the team responsible for the process, 
the process conditions for the validation tests found 
in Table 6 were defined.
In the validation process, packaging were 
produced with the cartonboard specified in these 
established conditions. Samples were taken from 
the 28 pallets and for each 10 samples were eval-
uated to determine the WVTR. Table 6 shows the 
13 variables selected to be mantain just one range 
level, while the other 24 variables can use both 
range levels studed in the follow-up trial together 
with the process settings that reduced WVTR in the 
Plackett-Burman experiment. The Table 7 summa-
rizes the results of the confirmatory trial. The sta-
tistical analysis was carried out by using the online 
software Protimiza Experimental Design (http://
experimental-design.protimiza.com.br/)
Table 4 – Average WVTR results for the 44 PB matrix tests.
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Table 5 – Variables, levels and effects and statistical analysis for PB44.
Optimization in the Application of Varnishes Barrier on Cartonboard Packaging            13 
Table 6 – Variables and process adjustments used for the validation test.
Table 7 – Results of the validation test on the conditions from the statistical analysis of the DOE effects.
After the dirt level (Dirty*) was the best condi-
tion for the independent variable x37, it was found 
that the air flow in this case is 2.3 m/s. This value 
was adopted for Table 6.
4.5 Proposal for improvements for the case
It is possible to create a daily check list to verify 
the process adjustment for the gravure barrier 
varnish application process based on Table 6.
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Figure 7 – Validation batch WVTR histogram.
Table 8 – Summary of validation results.
The process adjustments were validated with 
new batches of coils and varnishes and obtained 
WVTR results between 7.66 and 25.89 g/m²/24 h 
(Table 8 and Figure 7).
Despite the validation batch histogram showing 
values above 20 g/m²/24 h, it is possible to observe 
an improvement of 7.82 g/m²/24 h in the average 
of the results, when compared to the results before 
applying the best process adjustments. for the 
summary of WVTR in Table 1 and Figure 4, after 
modifying the process, the average rate of water 
vapor transmission is 18.16 g/m²/24 h, better than 
the target of 20 g/m²/24h. The maximum values 
dropped from 42.53 to 25.89 g/m²/24h.
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To show the difference between preliminary 
results and validation batch were made a Tukey 
test, at Table 9 the means marked with different 
letters in the same column differ significantly (p < 
0.05) and the Figure 8 is the graphic with means 
and standard deviations.
5. CONCLUSION
The initial survey of some weak points in the 
process minimised the varnish temperature variation 
and, consequently, provided greater viscosity stability. 
In this way, the installation of the automatic varnish 
dispenser and the temperature controller are essen-
tial items in the process control. This action exposes 
the importance of the necessary care with the 
varnish before applying it to the card even; when 
it is inside the printing system. The improvements 
made to the weak points made it possible to better 
control the concentration of the applied polymer.
Regarding the optimisation of the process for 
the packaging, it was possible to observe an effec-
tive decrease in the value of the WVTR with the 
operational conditions defined by the DOE in the 
validation tests, Of the 13 points in the process that 
influence the varnish result, the greatest benefit is in 
the dry polymer applied, with a p-value of 0.0001. 
The values obtained were a maximum average of 
18.16 g/m²/24 h, below the specification limit of 
20 g/m²/24 h. This result demonstrates that a barrier 
varnish can be an alternative to the plastic formed 
by some types of copolymers and still be a com-
postable product. In this way, using a scientific 
work methodology, it was possible to stabilise the 
application of varnish and paints with the 37 param-
eters adjusted to develop improved process condi-
tions for reducing WVTR.
Table 9 – Tukey analysis between preliminary and 
validation results.
Figure 8 – WVTR Comparison between preliminary and validation batchs.
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